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Determination of the Levels of Aflatoxin in Peanut Butter
using the Aflaprep Immunoaffinity Column Clean-Up
Procedure: Collaborative Trial
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Summary:

Twenty one United Kingdom laboratories participated in a collabora-
tive trial to evaluate the Aflaprep immunoaffinity column for the de-
termination of aflatoxins in peanut butter. Each participant received
ten randomly numbered samples of roasted peanut butter which were
prepared as five sets of blind duplicates. One set of samples was
blank, uncontaminated peanut butter. The other four sets of samples
contained different concentrations of total aflatoxin - ca 8; 12; 35;
S0ug/kg. These latter samples were prepared from naturally contami-
nated peanuts, the major contamination being from aflatoxin G,. Par-
ticipating laboratories were instructed to follow a set procedure with
regard to the use of the immunoaffinity column for extraction and
were to quantitate total aflatoxin levels by HPLC with post-column
derivitisation with iodine. The relative standard deviations for repro-
ducibility (RSD;) for the total aflatoxin levels, from the twenty one
laboratories, for the four concentrations of contaminated peanut
butter, were respectively; 54% (on a mean of 7.0ug/kg); 30% (on a
mean of 11.3ug/kg); 35% (on a mean of 33.2ug/kg); and 36% (on a
mean of 47.7ug/kg).

Introduction:

The four aflatoxins B, B,, G|, and G, are toxic metabolites of the fungi
Aspergillus flavus and A. parasiticus'”. They are potent liver toxins showing
carcinogenic properties, with aflatoxin B, being the most toxic compound. They
can contaminate some cereal crops and ground nuts and their products.

One of the problems concemning the determination of aflatoxins in
foodstuffs has been the sample extraction procedure. The immunochemical
analytical methods which have been devised simplify and shorten the time
required for the clean-up of extracts of aflatoxin from foodstuffs®!. The
immunoaffinity column contains a gelatinous suspension of monoclonal
antibodies covalently attached to a solid support. Any aflatoxin present in the
sample is retained by the antibody within the gel suspension. The column is
washed to remove any extraneous non-specific material. The eluate is collected
by elution of a suitable organic solvent for analysis by either high performance
liquid chromatography (HPLC) or thin layer chromatography (TLC).

Two previous collaborative trials®® evaluated an immunoaffinity column
clean-up procedure to determine the aflatoxin levels in peanut butter.
Participants in these trials were expert laboratories routinely carrying out
aflatoxin analyses. The specific column used was the Total Easi-Extract column
from Biocode, UK. In the first trial’, which involved 10 UK laboratories, each
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laboratory had to follow a protocol for the use of the column but could choose
their own end detection method. In that trial the two levels of aflatoxin B,

contamination were 12 and 35pg/kg respectively. Relative standard deviations
for reprodumblhty (RSDy) for the two levels were 46% and 36%. The second
collaborative trial® involved 13 laboratories from 7 different countries and
analysed total aflatoxin concentrations present. Another difference between this
and the first trial was that the instrumental method used was strictly specified
namely HPLC with post column derivitisation with iodine. The mean levels of
total aflatoxin found were 4, 15, and 35ug/kg with RSD,, values between 33 and
45%. It was concluded that more development was needed before this particular
method could be submitted for adoption as an AOAC approved method because
the RSD, values were too high. This report describes a study of twenty one UK
laboratories (mostly Public Analysts) using the May & Baker Aflaprep
immunoaffinity column for the preparation of peanut butter extracts for
aflatoxin analysis. The end-point determination was by HPLC, but the method
to be used (see Appendix I, Section 5.8) was not as closely defined as in the
second Biocode trial.

The trial was carried out on samples of peanut butter which contained
concentrations of total aflatoxins close to 10ug/kg and at levels significantly
above that value. 10ug/kg is the most common statutory limit proposed or
mtroduced by regulatory authorities for aflatoxin contamination of nuts and nut
products®.

Organisation of the Trial:

The trial was organised by the Food Science Laboratory, MAFF, in
conjunction with BFMIRA who supplied the samples and May & Baker
Diagnostic Limited who provided immunoaffinity columns and the protocol for
the extraction and HPLC determination.

Participants:
Nineteen public analysts, one food manufacturer's laboratory and the
Laboratory of Government Chemist participated in the trial.

Method, Reagents, Apparatus and Procedure Used:

The method used in this trial is given in Appendix [. It requires the
quantitative determination by HPLC of the individual aflatoxins present in
peanut butter after using the Aflaprep Immunoaffinity Chromatography for
sample clean-up.

Sample Preparation:

The samples were prepared by BFMIRA U.K. who were asked to prepare
a "blank" and four contaminated butters at levels between 5 - 60ug/kg total
aflatoxins. The contaminated butters were prepared by blending high level
contaminated butter with uncontaminated butter. The highly contaminated butter
was produced from naturally contaminated peanuts. Homogeneity data for each
of the samples were considered to be satisfactory (Coefficient of variation for
total aflatoxins > 8%, n=10 for each sample).

For the four samples the percentage of each aflatoxin present (as a function
of the total) was the same. About 70% of the total aflatoxin contamination was
caused by G,, about 13% of the aflatoxin contamination was caused by B,, with
G, and B, being responsible for 5% and 12% contamination respectively. The
distribution of aflatoxins in the trial samples is unusual even though prepared as
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a result of natural contamination. Normally B, would be the predominant
aflatoxin rather than G,. Nevertheless it was concluded that using these samples
would provide an additional evaluation of the method. Each participant was
given 10 samples (5 pairs, blind duplicates) each coded with an individual 3
figure number.

Results:

Participants were asked to report their results for all four levels of
aflatoxins obtained, uncorrected for recovery, as this is the preferred approach
in submitting data for collaborative trials’.  The results received from each
participant are shown in tables I - V. Each table gives the concentration of
aflatoxins B, and G, present in each of the blind duplicates. Each table also
shows the total aflatoxin concentration (B, + B, + G, + G,) present in each
sample. The individual values of B, and G, were very small in comparison with
the individual values of B, and G, (being of the order of about 10%) and so
were only considered as part of the total aflatoxin concentration.

Statistical Analysis of the Results:

The results obtained were statistically analysed as outlined in the
AOAC/ISO/TUPAC harmonised protocol” for the analysis of collaborative trial
data. For the detection of the outliers two statistical tests are used. Cochran's
maximum variance test (P<0.05) was used to detect the presence of laboratories
with an exceptionally high value for the range. Grubbs test (P<0.05) was used to
determine whether the extreme values (highest and lowest) for the laboratory
means are sufficiently different to warrant their removal from the data set.
Outlying results are marked in the tables of results.

For tables I - V, mean concentrations for the samples containing different
levels of aflatoxin were calculated on results remaining after removal of
outliers. The repeatability (r), reproducibility (R), their standard deviations (SD,,
SDy), and the repeatability and reproducibility relative standard deviation
(RSD,, RSD;) were also calculated for the naturally contaminated peanut
butters; these values are given in tables I - V.

Discussion:

The peanut butters analysed consisted of a blank and four contaminated
samples. The level of aflatoxin (consisting entirely of aflatoxin B,) in the blank
was very low (total 0.19 pg/kg) with many of the results being reported as
below the participants' limits of detection. All these results have been noted in
table I as 0.0 and because of the large number of such results it was decided
only to obtain a mean value for these data, after removal of outliers, as any other
more complex statistical evaluations would not produce meaningful results. For
the other four samples, where a more detailed statistical evaluation of the results
was carried out, mean levels for total aflatoxin were found to be 7.0, 11.3, 33.2
and 47.7 pg/kg. The mean levels of the first two of these samples straddle the
common 10 pg/kg statutory limit. RSD, values were 54% and 30%
respectively. This latter figure is probably not significantly better than the RSD,
values for the two high level peanut butters which were 35 and 36%. RSD, of
the assay would not be expected to be greater at 11 pg/kg than at 48 pg/kg.

In general a collaborative trial is aimed at evaluating the analytical
procedure without specifying or endorsing a particular product. However when
immunoaffinity columns are being used the performance of the method is
dependant on, and thus linked to, the specific column being tested. In table VI
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the RSD,, values, for the total aflatoxin levels in the samples, are compared with
those from previous trials using the Biocode immunoaffinity column. The
RSD, values for the total aflatoxin levels, for the Aflaprep column, ranged from
30-54%. These were compared with the RSD,, values from the Biocode column
trials, which were 33-46%. All these trials analysed samples containing a
similar range of aflatoxin contamination. From these results it can be concluded
that there is no significant difference in RSD, values for each of the columns
that have been subject to collaborative tests for the determination of aflatoxin
levels in peanut butter.

The samples which were analysed showed an unusual pattern of aflatoxin
contamination in so far as the major compound present was aflatoxin G,. As far
as we know no collaborative trial has been undertaken on samples which were
so contaminated, all previous trials analysing material principally contaminated
with aflatoxin B,. The samples, after preparation and before the trial took place,
were analysed by BFMIRA using aqueous acetonitrile extraction, the Biocode
clean-up procedure and HPLC (method based on reference 5). Mean results for
the four contaminated samples were, respectively, 7.0, 9.2, 33.8 and 45.0 pg/kg
total aflatoxin. These results were similar to the results obtained for each
respective sample in this collaborative trial and, as the majority of
contamination in these samples was from aflatoxin G, it can be suggested, even
though this work with the Biocode column was carried out by only one
laboratory, that the antibody present in the Aflaprep column has an equivalent
affinity for aflatoxin G, than does the antibody used in the Biocode columns.

Conclusion:

For the analysis of aflatoxin contaminated peanut butter the method
described in this report (using the Aflaprep column) will give analytical results
of similar precision as the method described in the previous collaborative trials
(using the Biocode column). This trial was undertaken by laboratories which
undertake a wide spectrum of food analysis work and not all of which analyse
aflatoxins regularly. If a further collaborative trial was organised on an
international level with expert laboratories to test the Aflaprep method it may be
anticipated that lower RSD,, values than those obtained here may be achieved.

Appendix I

Quantitative Determination by HPLC of Aflatoxins present in Peanut
Butter using AFLAPREP Immunoaffinity Chromatography Sample
Clean-up

1. Scope And Field Of Application
The method is designed to evaluate the Aflaprep immunoaffinity column for the
determination of aflatoxins in peanut butter.

2. Definition
The content of aflatoxin: the concentrations of the aflatoxins B, B,, G, and G,
in peanut butter in pg/kg as determined by the method.

3. Principle

The aflatoxins are extracted from the samples with a methanol-water mixture. A
portion of the diluted extract is passed through the immunoaffinity column. The
column is washed to remove non-specific interfering substances followed by
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elution of aflatoxins from the affinity column. Individual and, hence, total
aflatoxins can be quantitated by HPLC determination of the eluate.

4. Reagents

4.1 Sodium Chloride (Analytical Grade).

4.2 Methanol. Technical grade is suitable for the extraction solvent which
consists of methanol : water (70:30 v/v). HPLC grade methanol is required for
elution, preparation of the aflatoxin standards and the HPLC mobile phase.

4.3 Acetonitrile (Analytical Grade).

4.4 HPLC Mobile Phase. This solution consists of distilled water :
acetonitrile : methanol (50:30:20 v/v/v).

4.5 HPLC Postcolumn Reagent (saturated iodine in water).

4.6 Aflatoxin Standards. Crystalline powder of aflatoxins B, B,, G, and G,
is resuspended in benzene : acetonitrile (98:2 v/v) to give a stock concentrate
solution containing 1mg/ml. To prepare the aflatoxin standard working solution
first dilute 50ul of the respective toxin stock concentrate to 5ml with methanol.
Measure the absorbance of the toxin solutions in a U.V. spectrophotometer, set
at 362nm, and blank against methanol.

Dilute each toxin solution with methanol to give 100ng/ml. Mix 1ml aliquots of
the toxin solutions to give a mixture of 100ng total aflatoxins per 1ml methanol.
To prepare the HPLC standard solution, dilute 1ml 100ng/ml total aflatoxins
with 4ml acetonitrile : water (15:25 v/v). Inject 200ul standard solution into the
HPLC to produce 4 peaks: each peak height or area is equivalent to 1ng toxin.
The elution order is G,, G, B,, and B,.

5. Apparatus

51 Laboratory Balance. Working range 1 - 100g, capable of accuracy to
Img.

5.2 Blender. A high quality waring blender or equivalent incorporating a
high speed motor, complete with 1 litre heat resisting glass container with lid
and stainless steel cutter.

53 Filters. Whatman filter papers, 25cm, qualitative, grade 4. Whatman
glass microfibre filters, 11cm.

54  U.V. Spectrophotometer.

5.5 Laboratory Glassware. Filter funnels; measuring cylinders for measuring
15ml, 30ml, and 125ml volumes; beakers (100-250ml capacity) for collecting
sample filtrates and waste materials, 10ml amber vials for collecting eluates.

5.6 Clampstand.

5.7  Pipettes. Calibrated pipettes to cover the range 50-1000pl.

5.8 HPLC System. A typical system to be used was: 2 x Waters M501
pumps or equivalent to deliver (a) mobile phase at a flow rate of 0.8ml/min and
(b) saturated iodine solution at a flow rate of 0.4ml/min. Waters U6K universal
injector or equivalent to introduce 50-200ul sample volumes onto the column.
Hichrom guard column - Spherisorb ODS1, Sum, 5cm x 5mm. Hichrom
analytical column - Spherisorb ODS1, Sum, 25cm x Smm. Mixing T to
introduce postcolumn reagent into column effluent and a reaction coil of 5ft. x
0.02 inch stainless steel tubing immersed in a water bath at 70°C. Waters 420
AC fluorescence detector or equivalent with 365nm excitation filter and 430nm
emission filter. 5.9 Aflatest Kit Components. 25 immunoaffinity columns, 1
glass syringe barrel (10ml), 1 plastic syringe (pump unit), 1 rubber connector.
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Table I Table 1T
Aflatoxin level - ppb - Sample 1 (blank) Aflatoxin level - Sample 2
Laboratory Aflatoxin Aflatoxin
No Total Aflatoxin Total Aflatoxin
Bl Gl (B1,B2,G1,G2) Bl Gl (B1,B2,G1,G2)

1 0.00 0.51 0.00@ 086(@) 0.00@) 1.37(@@) 1.90 0.66 1030 593 1220 659
2 000 000 000 000 000 000 090 080 440 410 580 490
3 045 052 7.00(0) 730(b) 7450b) 782(b) 127 105 1200 1010 1427 1255
4 0.50 0.50  0.50(a) 0.70(a) 1.40(b) 1.40(b) 120 120 7.00 6.40 8.90 8.50
5 0.00 0.00 0.00 0.00 0.00 0.00 3.70(a) 0.00(@ 8.14 000 1184  0.00
6 0.40 0.20 0.00 0.00 040 0.20 0.90 1.20 5.60 6.60 7.00 8.20
7 000 000 000 000 000 000 000 000 000 429 000 429
8 0.60 0.60 0.00 0.00 0.60 0.60 1.70 1.60 8.00 800 10.10 10.00
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 120 510 250 5.10 3.70
10 0.10 040 0.00 0.00 0.10 040 0.60 0.90 5.10 440 7.62 7.06
1 000 060 000 9.60@) 0.00@ 10.5() 130 09 610 49 770 580
12 0.00 0.00 0.00 0.00 0.00 0.00 0.70 1.70 6.50 6.10 7.60 8.50
13 040 0.00 0.00 0.00 040 0.00 140 140 720 7.60 10.00 1030
14 020 030 020() 020(b) 040 050 100 020 530 08 670  1.00
15 0.30 020 0.00(@) 0.30@ 0.50 0.60 0.80 1.10 4.70 4.50 6.00 6.10
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 290 7.60 290 1010
17 1.8(@) 0.00(@@ 0.00 0.00 1.80(a) 0.00(2) 2.10 0.60 1030 140 1240 200
18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 040 0.40 0.00 0.00 0.40 040 0.90 1.10 420 4.60 7.10 7.50
20 0.00 0.00 0.00 0.00 0.00 0.00 1.60 1.50 8.30 6.50 9.90 040
21 000 000 000 000 0.00@ 0.70() 720(a) 12.50(a) 19.60(b) 22.20(b) 26.80(b) 38.70(b)

Mean 0.19 0.00 0.19 0.93 5.44 6.99

r 1.24 6.90 8.80

SD, 044 246 3.14

RSD, % 4745 4532 44.96

R 1.65 832 1047

SDy 0.59 297 3.74

RSDg % 6343 54.68 53.51

For Key, see Table VII

6. Procedure

6.1  Sample preparation and extraction. Weigh 25g sample, 5g NaCl, and add
125ml methanol : water (70/30, v/v) into blender jar, cover and blend for 1 min
at high speed. Immediately after mixing, pass 25-30ml sample extract through
Whatman No. 4 filter paper. Measure 15ml filtrate and 30ml distilled water into
a small beaker and mix. Refilter through glass microfibre filter immediately
before passing through immunoaffinity column.

6.2  Unit Assembly. Aflatest immunoaffinity columns should be at ambient
temperature prior to use. Ensure that the column has not dried out and contains
buffer above the resin. Remove the cap from the top of the column, cut off the
sealed end and replace on the column. Firmly attach the column to the 10ml
glass syringe barrel and place in the clampstand. Ensure that the bottom plug of
the affinity column is still in place.
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Table I11 Table IV
Aflatoxin Level - Sample 3 Aflatoxin Level - Sample 4
Laboratory Aflatoxin Aflatoxin
No Total Aflatoxin Total Aflatoxin
Bl Gl (B1,B2,G1,G2) Bl Gl (B1,B2,G1,G2)
1 212 263 10.69 13.65 12.81 16.98 854 7.50 5234 3026 6227 38.86
2 1.10 1.10 6.70 6.00 840 7.50 4.20 4.10 2220 21.50  29.10 27.80
3 142 1.65 12.00 12.80 14.52 15.55 232 202 1720 1510 2322 20.72
4 1.80 1.80 10.80 11.00 13.50 13.70 5.80 6.00 36.00 3650 4370 45.30
5 3.53(@) 0.00@a) 838 10.51 12.11 10.51 413 3.53 2242 2072 2655 2425
6 1.60 1.50 1040 9.90 13.00 12,10 4.80 4.70 2070 2930 37.60 37.00
7 0.00 0.00 1879a) 6.24(a) 18.79a) 12.51(a) 0.00 283  725(a) 44.53(a) 7.63(a) 488l1(a)
8 220 3.00 11.70 15.50 14.40 19.20 890 960 4550 4750 56.20 59.10
9 2240(a) 0.00() 30.10(a) 7.80(a) 53.80(a) 7.80(a) 2.50 1.60 1220 1460 1590 16.20
10 1.50 1.00 9.70 6.00 14.16 040 240 6.70 1190 19.00 1838 27.62
11 1.60 1.90 9.60 10.70 11.50 12.90 540 5.20 3140 3120 3800 37.60
12 1.50 1.30 8.00 570 11.20 7.90 4.90 4.10 21.00  17.50  28.20 24.40
13 1.80 2.00 11.80 12.00 15.20 15.60 5.70 540 3490 3570 4620 46.60
14 0.00 1.50 0.00 8.70 5.80 10.60 4.50 4.30 2650 2480 3190 2990
15 1.30 1.20 720 7.80 930 9.80 740 4,00 3700 2170 4730 2830
16 0.00 1.60 340 6.70 340 8.30 4.00 1.70 33.00 1400 39.00 1830
17 1.40 1.40 10.20 8.90 11.60 10.30 4.00 3.60 2450 19.00 2850 22.60
18 1.80 0.00 530 4.50 7.10 4.50 3.60 340 19.90 1960 2520 23.00
19 140 1.30 6.80 6.70 10.80 1040 3.80 4.70 2020 2210 2810 32.10
20 1.30 1.40 8.70 9.80 11.50 11.20 5.20 4.00 3340 2720 41.60 33.90

21 1350(b) 9.20(b) 30.00(b) 20.60(b) 43.50(b) 38.80(b)

19.80(b) 22.50(b) 67.80(b) 99.60(b) 87.60(b) 122.10(b)

Mean 1.39 9.11 11.30 4.53 2628 3317
T 144 382 547 311 15.99 18.06
SD, 0.51 1.37 1.95 1.11 571 643
RSD, % 36.83 14.99 17.29 24.52 21.73 1945
R 1.96 784 9.65 5.67 27.56 3292
SDy 0.70 2380 345 203 9.84 11.76
RSD, % 50.28 30.74 3049 44.73 3746 3544

For Key, see Table VII

6.3  Immunoaffinity Chromatography. Remove the bottom plug from the
immunoaffinity column and pass 15ml sample filtrate (equivalent to 1g original
sample) slowly through the column using the hand pump. A flow rate of
2-3ml/min is strongly recommended. Collect the waste in a suitable container.
Wash the column 2 times with 10ml distilled water. Ensure that all the residual
water has been expelled from the column before the next stage. Place a 10ml
amber collection vial directly beneath the column. Pipette Iml methanol :
acetonitrile (20:30 v/v) into the glass syringe barrel. Elute aflatoxins from the
column by slowly passing the eluant through the column at a flow rate of 1 drop
per second. Back flushing with the eluant 2-3 times is recommended to ensure
complete denaturation of the monoclonal antibody with the subsequent release
of aflatoxins into solution. Pipette 1ml distilled water into the glass syringe
barrel, pass through the column and collect in the amber vial, to give a 2ml total
volume.
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Table V
Aflatoxin Level - Sample 5
Aflatoxin
Laboratory Total Aflatoxin
Gl (B1,B2,G1,G2)

No

1 861 1058 33.10 4111 41.71 59.33

2. 550 550 28.10 2820 36.50 36.70

3 367 1.50 25.70 11.10 3487 17.00

4 740 7.60 47.70 4940 57.90 59.60

5 748 585 3552 3382 43.00 39.67

6 720 6.80 4820 4330 59.60 53.90

7 410 3.05 90.07 58.87 95.04 63.54

8 1240 1150  68.00 61.90 8290 7590

t 9 000 3.50 15.80 18.50 16.70 24.10
10 7.60 7.90 2640 33.90 39.12 55.96
11 770 740 4720 4430 56.30 53.10
| 12 780 5.00 26.00 26.00 3640 34.70

13 670 830 48.80 5940 62,60 7840
14 710 5.80 37.30 3440 46.70 4230
15 7.00 6.00 38.60 30.20 48.50 39.30
16 340 5.60 17.00 45,00 2.0 5540
17 520 5.80 34.70 44.60 30.90 5040
18 430 3.80 21.90 2440 2790 29.80
19 630 6.90 29.70 33.80 43.60 46.50
20 570 5.60 41.60 40.30 51.40 50.00
21 36.50(a) 28.70(a) 16140(b) 155.90(b) 200.10(b) 185.80(b)

Mean 6.23 38.25 47.72

r 2.96 22.66 26.62

SD, 1.06 8.09 9.51

RSD,% 1697 21.16 1992

R 6.82 4377 4829

SDy 243 15.63 17.24

RSDy % 39.08 4087 36.14

For Key, see Table VII
Table VI
Collaborative Biocode trial ~ Biocode International Aflaprep - May & Baker
Trial UK. Trial U.K.Trial
Aflatoxin level in
sample (ug/kg) 12 35 4 15 38 7 11 33 48
RSD, % 46 36 33 45 42 54 30 35 36
|
8
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6.4  Quantitation of Aflatoxins by HPLC. Following start-up and
equilibration of HPLC system, inject 200ul aflatoxin standard solution onto
HPLC. The elution order is G,, G,, B, and B,; each peak height or area is
equivalent to 1ng toxin. Inject 200ul test sample (equivalent to 0.1g original
sample) onto HPLC. Quantitate aflatoxin concentrations by comparing sample
peak heights or areas to the standards.

7. Precautions

Aflatoxins are very hazardous substances. Rubber gloves, safety glasses and
laboratory coats should be worn throughout the assay. All materials and
reagents must be decontaminated by soaking for at least 2 hours in a solution of
sodium hypochlorite (10% v/v), prior to rinsing thoroughly with distilled water.
It is recommended that the glass syringe barrel is rinsed through with methanol
and then distilled water at the end of each assay.

8. Expression Of Results
8.1 Calculation of aflatoxins: The concentration of aflatoxins, in pg/kg is
given by:
_ peak ht. or area of sample x 10
(AFLATOXIN), (pgiee) peak ht. or area of standard
Add the concentrations of the four aflatoxins to obtain total aflatoxin
concentration.

8.2 Repeatability: To be assessed from the results of the collaborative trial.
8.3  Reproducibility: To be assessed from the results of the collaborative
trial.

84 Relative standard deviation for reproducibility: To be assessed from the
results of the collaborative trial.

TABLE VII

r Repeatability (within-lab variation). The value below which the absolute difference between two single
test results obtained under the same method on identical test material under the same conditions may be
expected to lie with 95 % probability.

R Reproducibility (between-lab variation). The value below which the absolute difference between two
single test results obtained under the same method on identical test material under different conditions
may be expected to lie with 95 % probability.

SD, The standard deviation of the repeatability.

8Dy The standard deviation of the reproducibility

RSD, The relative standard deviation of the repeatability 8D, X 100 /X (¥ =mean)

RSDy The relative standard deviation of the reproducibility SDy X 100 /X (X =mcan)

(a) Result rejected as outlier by Cochran's test (p < 0.05) values not used in calculation of mean,
repeatability, reproducibility and relative standard deviation of repeatability and reproducibility

(b) Result rejected as outlier by Grubb's test (p < 0.05) values not used in calculation of mean,

repeatability, reproducibility and relative standard deviation of repeatability and reproducibility
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